Introduction
Subtrochanteric fractures (STF) are the least common fractures of the proximal femur but pose considerable challenge to orthopedic surgeons. Given the ageing population and a rising incidence of hip fractures, a rise in the number of STF in the older age group is expected to occur. In elderly patients, STF occur with low-energy trauma, as in a simple fall. Frequently, these patients have osteoporotic bones with thin cortices, particularly women, but there is little soft-tissue damage or extensive comminution, and the muscular forces are generally weaker [1] . However, there may be preexisting medical ailments and ambulatory problems.
Intramedullary nails have been considered the technique of choice for treating simple subtrochanteric femoral fractures throughout the literature [1] . However, various problems are associated with the application of intramedullary nails. Various complications have been encountered in comminuted fractures, such as nonunion, delayed union, varus deformity, peroneal nerve paralysis, shaft fracture during surgery, fracture of the trochanter major, perforation in the femoral neck or knee joint and fixation device breakage [2] . Furthermore, nailing is often unsuitable for some special situations, such as fracture patterns with comminution and presence of a posteromedial butterfly fragment, STF with extension into the piriform fossa, femurs with narrow medullary canals, and severely deformed femurs or osteoporotic bones with thin cortices. In these situations, extramedullary internal fixation is recommended. Traditional open plating is associated with higher rates of delayed union and nonunion and an elevated infection rate. Because of these factors, alternative means of treating STF have been the subject of debate for a considerable time.
According to the principles of 'minimally invasive' surgery, the less invasive plating system (LISS) has been effectively used in the management of complex distal femoral fractures with satisfactory results. The LISS is an extramedullary internal fixation system which combines the advantages of both interlocked intramedullary nailing techniques and the early advances of the so-called biological plating technique into one system. Thus, its biomechanics are inherently different from conventional plates. Lewis and Ashcroft [3] reported using reverse LISS plating for proximal segmental femoral fractures of the contralateral extremity in polytrauma patients. Reverse LISS plates were used 'upside down' for stabilizing injured femurs. It has been shown that the reverse LISS technique can reduce operative complications and shorten operating time. To our knowledge, this is the first article to focus on the use of LISS for the fixation of STF in elderly patients.
In the present study, a series of STF in elderly patients treated by reverse LISS technique at our institution were reviewed, to determine the suitability of this technique.
Subjects and Methods
From April 2005 to December 2007, 55 patients with STF were treated at our institution. All of these patients with STF underwent the reverse LISS procedure. The inclusion criteria were: patients with osteoporosis (n = 10), STF with extension into the piriform fossa (n = 5), patients with narrow medullary canals (n = 7), and osteomyelitis sequelae with severely deformed femurs (n = 4). To confirm osteoporosis as defined by the World Health Organisation [4] , formal bone mineral density [4] was performed in all the patients. The exclusion criteria were: a pathologic fracture, a previous hip fracture, and a soft-tissue infection at the fracture site. The preoperative data are summarized in table 1 . There were 16 females and 10 males (age range 65-98 years). Of the 26 fractures, 22 were stabilized within 3 days after injury, 4 more than 1 week after admission, secondary to the treatments for associated injuries and comorbidity. The most common causes of the injuries were a fall at ground level, which occurred in 12 patients. The other causes included traffic accidents: n = 4; direct blunt trauma: n = 4, and falling down stairs: n = 6. All patients were evaluated preoperatively with standard anteroposterior (AP) radiographs of the pelvis, and AP and lateral views of the affected hip. The Seinsheimer classification was used [5] . Twenty-six patients were classified according to types as type II: n = 12; type III: n = 7; type IV: n = 3, and type V: n = 4. Twelve patients sustained 15 additional fractures at locations other than the STF during the study period. Twentythree patients had one or more concomitant medical conditions unrelated to the injury such as hypertension and cardiac insufficiency. Closed fracture reduction was achieved indirectly using the traction under image intensifier control and in 8 cases also directly with a Schanz screw inserted percutaneously in the proximal main fragment to correct the remaining flexion malalignment. Traction and rotation were used to achieve and maintain reduction during the surgical procedure, which was verified through AP and lateral views under image intensifier.
The patient was placed on a traction table and was operated under either general or spinal anesthesia. A small incision (4-6 cm) was made on the level of the greater trochanter after basic fracture reduction ( fig. 1 ). For spiral fractures, percutaneous interfragmentary screw fixation was performed without opening the fracture site. An appropriate-hole LISS plate was inserted along the femoral shaft from proximally to distally beneath the muscle tis- sue without stripping the periosteum of the lateral femur. As usual, 9 and 13 holes were used and a contralateral-side LISS plate was used 'upside down' for stabilization of the STF. With the aid of an insertion handle and with an image intensifier, the LISS plate was placed in optimal position. To confirm the position, frontal and rotational alignment and leg length were checked. If there was any malalignment, rotational deformity or limb-length discrepancy, reduction was repeated. Subsequently, the plate was temporarily fixed to the bone with Kirschner wires; 4 mono-or bicortical fixed-angle screws were used in the shaft (distal) area according to the age and bone quality of the patients. Optimal placement and screw length was checked radiographically. Finally, the incisions were irrigated and closed over without drainage. The whole process of stabilization was finished within 45 min. To ensure optimal placement of the plate on the femur, the position of the LISS was checked again radiographically. The self-drilling and self-cutting screws were then inserted through the trocar sleeve and via the stab incisions, using the target device. Generally, 4-6 locking screws were placed into the proximal component of the fracture. All patients received perioperative prophylactic antibiotics for 1 day. Active exercise of the quadriceps and early ambulation were encouraged. Patients began walking using crutches or a frame with partial weight bearing for approximately 6 weeks. Progressive weight bearing was encouraged. Full weight bearing was encouraged after 3-6 months of partial and increasing weight bearing, based on the degree of comminution of the fractures and evidence of callus formation on radiographs. The patients were reviewed both clinically and radiographically until fracture union. Generally, the patients underwent a standardized followup examination at monthly intervals for the first 6 months, followed by assessment every 3 months. The follow-up examination lasted for a minimum of 15 months.
Results
All patients attended follow-up examinations for a minimum of 15 months. The average follow-up period was 24 months (range 15-30). The mean age was 79.8 8 3 years (range 65-98), and patients included 16 females and 10 males. No patients were lost to follow-up or died during the period of follow-up. The mean operating time was 45 8 5 min (range 25-75), and the mean fluoroscopy time was 120 8 10 s (range 85-190). Mean perioperative blood loss was 120.5 8 12 ml (range 65-285), and the mean postoperative hospital stay was 7.8 8 2 days (range 4-14). The median incision length through which the plate was inserted was 5.5 8 0.5 cm (range 2.5-8.0). Pain was absent in 15 patients, mild in 7, and moderate in 4. In clinical evaluations, the mean Harris hip score was 78.9. Harris hip scores were very good in 6 patients, good in 14 patients, moderate in 5 patients, and poor in 1 patient. The mean collodiaphyseal angle at early postoperative assessment and the last assessment was 136 8 2° (range 131-140°) and 134 8 2° (range 129-138°), respectively. The mean collodiaphyseal angle difference was 1 (range 0-3) ( wound infection was observed. There were no collapses, cutouts, or screw penetrations, but backing out and loosening of the locking screws were observed in 2 cases. There was no reoperation. No patient had a poor functional result or failure, and all were satisfied with their postoperative functional results at the latest follow-up ( fig. 2 , 3 ).
Discussion
Fractures in the subtrochanteric region are difficult to treat because of their anatomical and biomechanical features [6] . High compressive and tensile stresses across this region are related to nonunion [7] . Since it is the transition zone between the spongious and cortical bone and its vascularization is less than in the trochanteric region, union of fractures of this site is different from the trochanteric region [8] . Furthermore, these stresses could cause internal fixations of inadequate strength to fail [9] . In the present study, we achieved a 100% union and a low complication rate was achieved. This was possible because of the following advantages of the LISS technique. Firstly, the screws were locked with the plate to form a rigid structure, which effectively prevented screw loosening and loss of fracture reduction. This rigid structure provided a good basis, even in osteoporotic bone, for preventing the screws from sliding and pull-out. Secondly, the LISS plate could accept 4-6 screws at the proximal fragment fracture and thus provided a high pull-out resistance. Finally, fixation with a LISS plate in the lateral recumbent position decreases the tension on the iliopsoas and adductor, which facilitates spontaneous reduction of the posterior-medial fragment and reduces the stress on the proximal screws.
The LISS system was developed by the AO group for stabilization of distal femur and proximal tibial fractures according to the principles of 'minimally invasive surgery' [10, 11] . It is an extramedullary internal fixator which combines the advantages of both interlocked intramedullary nailing techniques [12] and the early advances of the so-called biological plating technique into one system. The LISS behaves as an internal splint and is stabilized by insertion of screws which lock into the plate holes to prevent toggling of screws [13] . This is performed with the aid of an aiming device through the stab incision. The LISS plate allows percutaneous insertion and screwing via the aiming device, which is a more convenient and minimally invasive surgery. The locking screw might have the theoretical advantages of a shorter operation time, less blood loss, and fewer complications of the bony and soft tissue. The operation time was shown to affect the time to union. It might be because of the longer the operation time, the greater complexity of the fracture and the greater the severity of soft-tissue injury, both of which could delay bone healing. Furthermore, the short operating time of this method is extremely important in the elderly patient where the other diseases may take precedence and rapid fracture fixation is required.
An important consideration in this technique is that a contralateral implant was used, i.e. a left-sided implant was used for this right-sided fracture. This means that there is occasionally a misfit between the implant and the greater trochanter. When using long LISS, it is necessary to bend the distal portion to adapt the femur well. Furthermore, the position of proximal screws may lay low and horizontal. When the proximal fragment is small, it is difficult to fix the small proximal fragment. From this viewpoint, it may be better to bend the proximal portion for fixing the proximal screws toward the head obliquely.
Although all patients were treated by the same physicians in the same hospital, there were some limitations in our study. First, the sample size was relatively small and there was no control group. Therefore, significant statistical conclusions are more difficult to make. Second, some of our patients experienced discomfort and pain in the trochanteric area. Although our patients were not bothered in their daily lives by this problem, there is a need to develop a well-fitted locking plate for the proximal femur. Third, all patients appeared to have similar fracture patterns; nonetheless, there could have been differences between them, such as in the severity of osteoporosis. More biomechanical studies and prospective clinical trials are required to evaluate the validity of the locking plate for treatment of these challenging injuries.
Conclusions
This study showed that reverse LISS plating was a good technique for fixation of STF in elderly patients; no fracture collapses were observed; the surgical technique was simple and safe. Nonetheless, this procedure should not replace the use of intramedullary devices for STF under all circumstances. For situations where nailing is difficult, reverse LISS plating may be a good alternative with a high union rate and a low complication rate.
